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LOW-SPEED WIND-TUNNEL TESTS OF I/IO-SCALE MODEL 
OF A BLENDED-ARROW SUPERSONIC CRUISE AIRCRAFT 
H .  Clyde McLemore and Lys le  P .  Par le t t  
Langley Research Center  
SUMMARY 
Low-speed s t a t i c  f o r c e  tes ts  have been conducted i n  t h e  Langley f u l l - s c a l e  
t u n n e l  t o  determine t h e  low-speed aerodynamic c h a r a c t e r i s t i c s  o f  a l / lO-sca le  
model o f  a blended-arrow supe r son ic  cruise  a i r c ra f t .  A c l e a n  c o n f i g u r a t i o n  and 
a h i g h - l i f t  con f igu ra t ion  wi th  s e v e r a l  combinations o f  lead ing- and t r a i l i n g -
edge f l a p s  t o  p rov ide  improved l i f t  and l o n g i t u d i n a l  s t a b i l i t y  i n  t h e  l and ing  
and take-off  modes were used.  The tes ts  were made a t  a n g l e s  o f  a t t a c k  from 
about  -60 t o  30°, s i d e s l i p  a n g l e s  from - 5 O  t o  I O o ,  and Reynolds numbers from 
6.78 x I O 6  t o  13.85 x IO6 cor responding  t o  t e s t  v e l o c i t i e s  o f  41 t o  85 kno t s .  
The c l e a n  c o n f i g u r a t i o n  e x h i b i t e d  s t a t i c  l o n g i t u d i n a l  i n s t a b i l i t y  ( p i t c h ­
up) a t  ang le s  of  a t t a c k  greater than about  3 O ;  however, d e f l e c t i n g  inboard 
and outboard wing leading-edge f l a p s  delayed t h e  pi tch-up t o  an ang le  of a t tack 
o f  about  180. Def l ec t ing  fu l l - span  t r a i l i n g - e d g e  f l a p s  and leading-edge f l a p s  
inc reased  t h e  untrimmed l i f t  c o e f f i c i e n t  from about  0.35 f o r  t h e  c l ean  conf igura­
t i o n  t o  about  0.50 a t  an a n g l e  o f  a t t a c k  of  9.5O (e s t ima ted  t a i l - s c r a p e  a n g l e ) .  
The model e x h i b i t e d  s a t i s f a c t o r y  l a t e r a l - d i r e c t i o n a l  character is t ics  f o r  a n g l e s  
of  a t t a c k  t o  about  16O. Above t h i s  a n g l e  o f  a t t a c k  the  d i r e c t i o n a l  s t a b i l i t y  
inc reased  markedly; however, t h e  e f f e c t i v e  d i h e d r a l  decreased  t o  n e a r l y  z e r o  
a t  an ang le  of  a t tack o f  about  24O. 
I N T R O D U C T I O N  
The p re sen t  s tudy  is p a r t  o f  an o v e r a l l  e f f o r t  by the  Na t iona l  Aeronaut ics  
and Space Adminis t ra t ion  t o  provide  a technology base f o r  t he  formula t ion  and 
development of  supe r son ic  c r u i s e  v e h i c l e s .  T h i s  paper p r e s e n t s  t he  r e s u l t s  
o f  low-speed tests o f  a supe r son ic  c r u i s e  a i r c r a f t  concept  designed t o  u t i l i z e  
very  low wing weight (blended wing-fuselage c o n t o u r s ) ,  va r i ab le -cyc le  engines  
o r  q u i e t  duct-burning f a n  eng ines ,  and t h r u s t  vec to r ing .  
The d i s t i n g u i s h i n g  f e a t u r e s  of  t he  p re sen t  concept  are t h e  platypus-nose 
a l l - w i n g  planform and t h e  four-engine p ropu l s ion  package mounted on t h e  c e n t e r  
l i n e .  The planform wi th  i ts  long  r o o t  chord was s e l e c t e d  t o  keep sonic-boom 
l e v e l s  low by sp read ing  l i f t  i n  t h e  a x i a l  d i r e c t i o n  a t  supe r son ic  speeds  as 
d i scussed  i n  r e f e r e n c e  1 .  The l o c a t i o n  o f  t h e  propuls ion  system was d i c t a t e d ,  
i n  p a r t ,  by t h e  d e s i r e  t o  avoid a e r o e l a s t i c  problems a s s o c i a t e d  wi th  t h e  p l a c i n g  
of  mass outboard and rearward o f  t h e  t o r s i o n a l  a x i s  o f  t h e  f l e x i b l e  l i gh twe igh t  
s t r u c t u r e .  The p ropu l s ion  system was designed t o  i n c o r p o r a t e  a t h r u s t  vec to r ing  
c a p a b i l i t y  which w a s  in tended  t o  provide  inc reased  c i r c u l a t i o n  and thereby  
improve l i f t  and l i f t - d r a g  r a t i o  ( refs .  2 and 31, and t o  provide  a d d i t i o n a l  
l o n g i t u d i n a l  c o n t r o l .  I n  o r d e r  t o  use  vec to red  t h r u s t  e f f e c t i v e l y  t o  improve 
airframe f l i g h t  e f f i c i e n c y  i n  t h e  c r i t i ca l  low-speed mode, where t h r u s t  reduc­
t i o n  is important  t o  n o i s e  a l l e v i a t i o n ,  a c t i v e  c o n t r o l s  are a l s o  r e q u i r e d .  
Beyond the  f e a t u r e s  c i t e d ,  t h e  aerodynamic des ign  phi losophy is l a r g e l y  t h a t  
r epor t ed  i n  r e f e r e n c e s  4 and 5.  
The o b j e c t i v e s  o f  these tests are t o  determine some o f  the  low-speed 
s t a t i c  aerodynamic character is t ics  of t h e  basic c o n f i g u r a t i o n  concept  and t o  
p rov ide  a data base from which c o n f i g u r a t i o n  m o d i f i c a t i o n s  might be made t o  
a l l e v i a t e  any low-speed aerodynamic problems. 
The tests were conducted i n  t h e  Langley f u l l - s c a l e  t u n n e l  on a l/lO-scale 
model o f  a blended-arrow supe r son ic  c r u i s e  a i rc raf t .  The t e s t s  were made a t  
Reynolds numbers from 6.78 x I O 6  t o  13.85 x I O 6  based on the  mean aerodynamic 
chord ,  ang le s  of  a t tack  from about  -60 t o  30°, and s i d e s l i p  a n g l e s  from - 5 O  
t o  I O o .  The c o n f i g u r a t i o n  v a r i a b l e s  . inc luded  combinat ions of  lead ing- and 
t r a i l i n g - e d g e  f l a p  d e f l e c t i o n  a n g l e s ,  engine nozz le  d e f l e c t i o n  a n g l e s ,  and 
a range of  t h r u s t  l e v e l s .  A few t e s t s  were conducted w i t h  t h e  v e r t i c a l  t a i l s  
removed t o  determine the  c o n t r i b u t i o n  of  t h e  t a i l s  t o  l a t e r a l - d i r e c t i o n a l  s t a - ­
b i l i t y ,  and i n  a d d i t i o n ,  tes ts  were conducted t o  de te rmine  rudder  e f f e c t i v e ­
n e s s .  A f e w  tests were a l s o  conducted w i t h  a canard .  
SYI4BOLS 
The data are referred t o  t h e  s t a b i l i t y  system o f  axes  shown i n  f i g u r e  1 .  
The o r i g i n  of the  ax i s  cor responds  t o  t h e  35-percent l o c a t i o n  o f  the  mean 
aerodynamic chord.  
The dimensional  q u a n t i t i e s  are g iven  i n  t h e  I n t e r n a t i o n a l  System of  Un i t s  
( S I )  and p a r e n t h e t i c a l l y  i n  U . S .  Customary Un i t s .  A l l  measurements and c a l c u l a ­
t i o n s  were made i n  U.S. Customary Un i t s .  Conversion f a c t o r s  f o r  the  two systems 
are given i n  r e f e r e n c e  6 .  
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mean aerodynamic chord,  4.602 m (15.10 f t )  
i C  canard d e f l e c t i o n  a n g l e ,  p o s i t i v e  l ead ing  edge up, deg 

L /D l i f t - d r a g  r a t i o  

q 
 free-stream dynamic p resu re  , P a  ( l b / f t 2 )  
S wing area,  15.14 m2 (163.00 f t 2 )  
T engine t h r u s t  ( t h r u s t  above t h e  va lue  f o r  C T '  O ) ,  N ( l b )  
V free-stream v e l o c i t y ,  m/sec ( f t / s e c )  
X l o n g i t u d i n a l  s t a b i l i t y  a x i s  
a angle  of a t tack r e f e r r e d  t o  wing r e f e r e n c e  l i n e  ( f i g .  I ) ,  deg 
P a n g l e  of s i d e s l i p ,  deg 
6 f , l e  leading-edge f l a p  d e f l e c t i o n  re ferenced  t o  unde f l ec t ed  leading-edge 
p o s i t i o n ,  deg 
6 f ,  t e  t r a i l i n g - e d g e  f l a p  d e f l e c t i o n ,  deg 
6N engine exhaus t  d e f l e c t i o n  a n g l e ,  p o s i t i v e  downward, deg 
6, rudder  d e f l e c t i o n ,  p o s i t i v e  f o r  t r a i l i n g  edge l e f t ,  deg 
S u b s c r i p t s  : 
1 , 2 , 3 , 4 , 5 , 6 , 7  wing leading-edge f l a p  segments (used wi th  6 f , l e ) ;  1 ,  n e a r e s t  
w i n g  t i p  and 7 ,  n e a r e s t  nose of  model (see f i g s .  2 and 3) 
1,293 wing t r a i l i n g - e d g e  f l a p  segments (used wi th  6 f , t e ) ;  1, inboard ,  






BS body station (longitudinal distance from model nose) 





.The dimensional characteristics of the l/lO-scale model are shown in fig­
ures 2 to 4. Photographs of the model mounted for tests in the Langley full-
scale tunnel are presented in figures 5 to 7. The model had an.aluminum frame­
work filled with a polyurethane foam filler and covered with several layers of 
fiber glass. The model was essentially rigid for these low-speed tests. 
The model was equipped with wing leading- and trailing-edge flaps, twin 
vertical tails, and, for a few tests, a canard of either 2 or 2.5 percent of 
wing area. The leading-edge flap segments could be deflected from Oo to 60° 
downward (referenced normal to the wing leading-edge hinge line and to the mean 
line of the leading-edge section). The location, length, and chord of the 
leading-edge flap segments are shown in figures 2 and 3. 
As shown in figure 3, the trailing-edge flaps were divided into three seg­
ments and each side could be deflected downward 30° perpendicular to the hinge 
line. This deflection was the maximum estimated allowable angle to prevent 
scraping the runway on landing or take-off. 
The 0.020s canard was equipped with a double slotted full-span flap and 
a full-span slat. The 0.025s canard had a glove installed over the double 
slotted flap that closed the flap gaps and increased the canard chord to 
28.12 cm (11.07 in.). Each canard was installed at a fixed angle of incidence 
on the under side of the model nose. The physical characteristics of the 
canard and their locations on the fuselage are shown in figure 4. 
The model was equipped with fixed twin tails with full-span rudders. 

The size and positioning of fins and rudders are shown in figure 2. 

Four 0.140-m (5.50-in.) diameter fans (engines) were mounted in an under­
slung nacelle. (See fig. 3 . )  These fans were free to windmill or to be powered 
Sy externally supplied compressed air. The fans were tip driven (air ejected 
from blade tips to cause fan rotation), and for the current installation the 
fans could be driven to about 18 000 rpm (Total combined static thrust = 290 N 
(65 lb)) with the available compressed air supply. 
TESTS 
Static force tests were conducted on the l/lO-scale model in the Langley 
full-scale tunnel for several values of Reynolds number, based on the mean aero­
dynamic chord, from 6.78 x lo6 to 13.85 x IO6 (corresponding to test velocities 
of 41 to 85 knots). Most of the tests were made at about 54 knots (Reynolds 
4 
number of  8.92 x 106). For the  powered tes t s ,  t h e  t e s t  speed w a s  restricted 
t o  about  23 k n o t s  t o  34 k n o t s  (CT'  = 0.1 t o  0 .2)  because of  a l i m i t e d  a i r  
supply system f o r  the  f a n s .  
Tests were conducted f o r  a n g l e s  of  attack from about -60 t o  30° and f o r  
s i d e s l i p  ang le s  from -5O t o  IOo. Tests were made f o r  s e v e r a l  combinations 
of w i n g  leading-edge f l a p  segments and d e f l e c t i o n s  and f o r  combinations of 
trailing-edge f l a p  segments and d e f l e c t i o n s  - t h e  l a t te r  f o r  l o n g i t u d i n a l  
and la te ra l  c o n t r o l  as w e l l  as for improved l i f t .  
A f e w  tes ts  were conducted (a t  z e r o  s i d e s l i p )  t o  determine the e f f e c t i v e ­
ness  of the  twin rudde r s ,  and a f e w  tes ts  were made w i t h  a canard and wi th  
v e r t i c a l  t a i l s  o f f .  
Most of  t h e  t es t s  were conducted w i t h  t h e  model d r i v e  f a n s  ( eng ines )  
windmi l l ing  wi th  a drag c o r r e c t i o n  be ing  a p p l i e d  t o  t h e  f o r c e  data t o  compensate 
f o r  t he  excess  drag of  t h e  windmi l l ing  f a n s  and t h e  i n t e r n a l  drag of  t h e  f a n  
d u c t  ( C T '  = 0 ) .  The drag c o r r e c t i o n  (ACD = 0.004) was determined by comparing 
t h e  windmill ing drag w i t h  t h e  drag measured w i t h  t h e  f a n s  o p e r a t i n g  a t  su f ­
f i c i e n t  speed t o  g e n e r a t e  free-stream t o t a l  p r e s s u r e  a t  t h e  f a n  nozz le .  Tests 
were conducted f o r  t h r u s t  c o e f f i c i e n t s  CT '  t o  about  0.10 t o  de te rmine  t h e  
effects  of t h r u s t  on t h e  aerodynamic f o r c e s  and moments. The d e s i r e d  t h r u s t  
f o r  a p a r t i c u l a r  t es t  was obta ined  by s e t t i n g  t h e  f a n s  a t  a p a r t i c u l a r  ope ra t ­
i n g  speed. The f a n  t h r u s t  had been p rev ious ly  c a l i b r a t e d  as a f u n c t i o n  of 
f a n  r o t a t i o n  speed. Wool t u f t s  were attached t o  t h e  wing upper s u r f a c e  t o  
a i d  i n  the  i n t e r p r e t a t i o n  of  f o r c e  t es t  r e s u l t s .  
CORRECTIONS 
The tes t  data have been c o r r e c t e d  f o r  t u n n e l  a i r f l o w  a n g u l a r i t y ,  buoyancy, 
and s t r u t  tares.  The sidewash ang le  which was approximately 0 . 5 O  (6  - 0 . 5 O ) ,  
has no t  been accounted f o r  i n  t h e  data p r e s e n t a t i o n ,  and t h i s ,  i n  g e n e r a l ,  has  
r e s u l t e d  i n  an i n i t i a l  o f f s e t ,  from z e r o ,  o'f t h e  l a t e ra l  and d i r e c t i o n a l  d a t a .  
Tunnel w a l l  c o r r e c t i o n s  were found t o  be n e g l i g i b l e  by theo ry  ( ref .  7 )  
and experiment.  The exper iments  were conducted w i t h  a 1/150-scale model t e s t e d  
i n  t h e  Langley f u l l - s c a l e  t u n n e l  and i n  a 1/15-scale model of t h e  f u l l - s c a l e  
tunne l .  
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RESULTS AND DISCUSSION 
Long i tud ina l  Aerodynamic C h a r a c t e r i s t i c s  
The d a t a  of  t h i s  r e p o r t  are analyzed wi th  regard  t o  t h e  achievement of  
h igh  l i f t  and adequate s t a b i l i t y  and c o n t r o l  f o r  only t h e  low t o  moderate 
a n g l e s  of  a t t a c k  t h a t  would be encountered dur ing  l and ing  and take-off 
maneuvers. 
Tuf t  s t u d i e s . - A s  an a i d  i n  i n t e r p r e t i n g  t h e  f o r c e  and moment c h a r a c t e r ­
i s t i c s ,  flow s t u d i e s  were made of  a few s e l e c t  c o n f i g u r a t i o n s  by observ ing  wool 
t u f t s  t h a t  were a t t a c h e d  t o  t h e  upper s u r f a c e  of  t h e  w i n g .  Photographs of  
t h e  t u f t  s t u d i e s  are p resen ted  i n  f i g u r e s  8 t o  14.  The absence of  photographs 
f o r  a few ang les  of  a t t a c k  was caused by camera ma l func t ion .  
Flow over t h e  c l e a n  w i n g  ( 6 f , t e  = 6 f , l e  O o )  a t  z e r o  s i d e s l i p  and wi th  
v e r t i c a l  t a i l s  removed ( f i g .  8)  deve lops  i n t o  a l a r g e  chordwise v o r t e x  t h a t  
sweeps t h e  flow outboard f o r  a n g l e s  of  a t t a c k  above IOo.  I n s t a l l i n g  t h e  v e r t i c a l  . 
t a i l s  ( f i g .  9 )  c o n s t r a i n s  t h e  large v o r t i c e s  and causes  rough flow outboard of  
t h e  f i n s  a t  c1 = 1 4 O .  Some s t a l l  e x i s t s  outboard o f  t h e  t a i l s  a t  a = 1 8 O  
and t h e  t i p s  are s t a l l e d  by a = 28O. S i d e s l i p p i n g  t h e  c l e a n  c o n f i g u r a t i o n
( 6  = IOo,  f i g .  10) caused t h e  advancing w i n g  t i p  t o  s t a l l  ear l ie r  than  t h e  
unyawed wing, and t h e  r e t r e a t i n g  wing d i d  no t  s t a l l  through t h e  f u l l  angle-of­
a t t a c k  range. This  c h a r a c t e r i s t i c  is  r e l a t e d  t o  t h e  d i h e d r a l  e f fec t  e x h i b i t e d  
by t h e  c o n f i g u r a t i o n  and d i scussed  i n  a l a te r  s e c t i o n .  D e f l e c t i n g  inboard 
leading-edge and f u l l - s p a n  t r a i l i n g - e d g e  f l a p s  ( h i g h - l i f t  c o n f i g u r a t i o n )  r e s u l t e d  
i n  spanwise flow a t  t h e  wing t i p s  by c1 = 2O. (See f i g .  1 1 , )  The wing t i p s  
and t h e  mid- t ra i l ing-edge  f l a p s  were s t a l l e d  by a = 22O. The effect  o f  d e f l e c t ­
ing t h e  outboard leading-edge f l a p s  f o r  t h e  h i g h - l i f t  c o n f i g u r a t i o n  is  shown 
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i n  f i g u r e  12. S t a l l  of t h e  wing t i p s  w a s  delayed t o  c1 = 26O and f low over 
t h e  remainder of t h e  wing w a s  f a i r l y  good t o  c1 = 28O. S i d e s l i p p i n g  t h e  high-
l i f t  c o n f i g u r a t i o n  w i t h  a l l  leading- and t r a i l i n g - e d g e  f l a p s  d e f l e c t e d  r e s u l t e d  
i n  flow c o n d i t i o n s  which were markedly d i f f e r e n t  than  t h o s e  e x h i b i t e d  by t h e  
c l e a n  c o n f i g u r a t i o n .  (Compare f i g s .  10 and 13.) The r e t r e a t i n g  wing o f  t h e  
h i g h - l i f t  c o n f i g u r a t i o n  was s u b j e c t  t o  some separa ted  f low a t  c1 = 12O and 
t h e  r e t r e a t i n g  wing t i p ,  i n c l u d i n g  t h e  outboard f l a p ,  was s t a l l e d  a t  c1 = 1 6 O .  
I n s t a l l i n g  a small canard on t h e  model had no apparent  e f fec t  on t h e  wing-
f l a p  flow p a t t e r n .  (See f i g .  14.)  
Basic c o n f i g u r a t i o n . - A t  t h e  o u t s e t  of  t h e  program, tes ts  were conducted on 
the  clean c o n f i g u r a t i o n  over  a range of  wind-tunnel speeds t o  determine whether 
t h e r e  were a p p r e c i a b l e  e f fec ts  o f  Reynolds number on t h e  d a t a .  The e f fec t  of  
Reynolds number on t h e  l o n g i t u d i n a l  aerodynamic character is t ics  of  t h e  c l e a n  
c o n f i g u r a t i o n  wi th  ver t ica l  t a i l s  is shown i n  f i g u r e  15. There was no appre­
c i a b l e  Reynolds number effect  on t h e  d a t a ;  t h e r e f o r e ,  most o f  t h e  tes ts  were 
conducted a t  a Reynolds number o f  8 .92 x lo6.  
Perhaps t h e  most s i g n i f i c a n t  p o i n t  concerning t h e  data presented  i n  f i g ­
u r e  15 is t h a t  t h e  c l e a n  c o n f i g u r a t i o n  e x h i b i t e d  s t a t i c  l o n g i t u d i n a l  i n s t a b i l i t y  
( p i tch-up) f o r  a n g l e s  of  a t t a c k  g r e a t e r  than  about  3O. The v a r i a t i o n  of  l i f t  
wi th  angle  of  at tack i n d i c a t e d  an i n c r e a s e  i n  l i f t - c u r v e  s l o p e  a t  moderate a n g l e s  
of  a t t a c k  due t o  v o r t e x  l i f t ,  and t h e  l i f t  curve d i d  n o t  e x h i b i t  any a b r u p t  
changes. A maximum value  o f  l i f t - d r a g  r a t i o  of  about  6 occurred near  c1 = 3O. 
Effect of v e r t i c a l  t a i l s . - The e f fec t  of  t h e  v e r t i c a l  t a i l s  on the  longi ­
t u d i n a l  aerodynamic character is t ics  of  t h e  c l e a n  c o n f i g u r a t i o n  is  shown i n  f ig­
u re  16. These data i n d i c a t e  t h a t  a l i f t  l o s s  occurred a t  moderate t o  high a n g l e s  
of  a t tack when t h e  v e r t i c a l  t a i l s  were added t o  t h e  model. The t u f t  s t u d i e s  of  
f i g u r e s  8 and 9 i n d i c a t e  t h e  cause of t h e  reduced l i f t .  A t  moderate and h igh  
a n g l e s  of  a t t a c k ,  t h e  f low outboard of  t h e  t a i l s  shows a l a r g e  area o f  rough and 
separa ted  f low.  This  f low c o n d i t i o n  i n d i c a t e s  t h a t  t h e  r e d u c t i o n  i n  l i f t  w i t h  
t h e  t a i l s  on is r e l a t e d  t o  t h e  c o n s t r a i n i n g  e f fec t  of  t h e  t a i l s  on t h e  spanwise 
v o r t e x  flow. I n  g e n e r a l ,  t h e  l o n g i t u d i n a l  s t a b i l i t y  charac te r i s t ics ,  p a r t i c ­
u l a r l y  t h e  pi tch-up,  are n o t  a f f e c t e d  by t h e  t a i l s .  
Effect of lead ing- and t r a i l i n g - e d g e  f l a p  d e f l e c t i o n . - The e f fec t  of  
d e f l e c t i n g  t h e  t r a i l i n g - e d g e  f l a p s  and outboard leading-edge f l a p s  is shown i n  
f i g u r e s  17 and 18. L i f t  and L/D increased  s i g n i f i c a n t l y ;  however, i n  f ig­
u r e  17, t h e  c o n f i g u r a t i o n  s t i l l  e x h i b i t e d  t h e  pitch-up shown i n  f i g u r e  15 f o r  
t h e  c l e a n  c o n f i g u r a t i o n .  D e f l e c t i n g  the inboard leading-edge f l a p s  i n  a d d i t i o n  
t o  the outboard leading-edge f l a p s  ( f i g .  19) produced a very s i g n i f i c a n t  effect  
i n  t h a t  t h e  pitch-up was delayed t o  c1 = 18O wi th  only  a very  small. l o s s  of  
l i f t .  (Compare f i g s .  17 and 19 . )  D e f l e c t i o n  of  t h e  t r a i l i n g - e d g e  f l a p s  and 
leading-edge f l a p s  increased  t h e  untrimmed l i f t  c o e f f i c i e n t ,  a t  t h e  es t imated  
t a i l - s c r a p e  angle  o f  a t t a c k  o f  9.5O, from about  0.35 f o r  t h e  c l e a n  configura­
t i o n  t o  about  0.50 f o r  a t r a i l i n g - e d g e  f l a p  d e f l e c t i o n  o f  30°. (See f i g s .  17 
and 18.) For  f i g u r e  19, t h e  inboard t r a i l i n g - e d g e  f l a p  w a s  d e f l e c t e d  only 20°; 
t h i s  accounts  f o r  t h e  a p p a r e n t l y  lower l i f t  va lues  than  t h o s e  i n  f i g u r e  18. 
The most s i g n i f i c a n t  p o i n t  shown by t h e  d a t a  of f i g u r e  19 is  t h a t  t h e  inboard 
leading-edge f l a p  segments 5 ,  6 ,  and 7 must be d e f l e c t e d  a t  least  60° t o  a l le ­
v i a t e  t h e  pi tch-up a t  moderate and h igh  a n g l e s  of  a t t a c k .  
I n  o r d e r  t o  determine t h e  effect  o f  ou tboard  leading-edge f l a p  d e f l e c t i o n ,  
the  t r a i l i n g - e d g e  and inboard  leading-edge f l a p s  were d e f l e c t e d  wi th  and wi thout  
outboard leading-edge f l a p s  (segments 1, 2 ,  and 3), and t h e  r e s u l t s  are shown 
i n  f i g u r e  20. Deflecting t h e  outboard leading-edge f l a p s  reduced l i f t  and, 
t o  a small e x t e n t ,  l o n g i t u d i n a l  s t a b i l i t y .  
Effect 9f canard.- The r e s u l t s  o f  tes ts ,  wherein a canard  having an  area 
of  e i t h e r  0.020s o r  0.025s wi th  an inc idence  a n g l e  o f  Oo or  1 5 O ,  r e s p e c t i v e l y ,  
was eva lua ted  t o  determine t h e  e f f e c t i v e n e s s  of  such  a s u r f a c e  f o r  reducing  
l o n g i t u d i n a l  t r i m  r equ i r emen t s ,  are p resen ted  i n  f i g u r e s  21 and 22. The data 
show t h a t  t h e  canard provided s u b s t a n t i a l  p o s i t i v e  ( f a v o r a b l e )  increments  
of  C, over t h e  angle-of -a t tack  range .  The canard  produced no n o t i c e a b l e  
effect on l i f t ;  however, t h e  larger canard a t  15O inc idence  d i d  r e s u l t  i n  
a degrada t ion  i n  L/D. 
~Effect of t h r u s t  vec to r ing . - The effect  of  eng ine  t h r u s t  w i th  no t h r u s t  
v e c t o r i n g  on t h e  lift and p i t c h  c h a r a c t e r i s t i c s  w i t h  t h e  0.020s canard 
i n s t a l l e d  is shown t o  be small i n  f i g u r e  23. The effect  o f  t h r u s t  v e c t o r i n g  
is  shown i n  f i g u r e  24. D i r e c t l y  comparable d a t a  were n o t  ob ta ined  du r ing  
t h e  t es t s ,  t h a t  is, canard on ,  6f t e  z 20° and 30° w i t h  CT' = 0.10 wi thout  
t h r u s t  v e c t o r i n g .  However, s i n c e  t h r u s t  was shown i n  f i g u r e  23 t o  have only  
a small e f f e c t  on l i f t  and p i t c h  and s i n c e  t h e  small effect  shown i n  f i g u r e  24 
i s  about  t h e  same as t h a t  shown i n  f i g u r e  23, i t  may be assumed t h a t  t h e  e f f e c t s  
shown i n  f i g u r e  24 are mainly a t t r i b u t a b l e  t o  t h r u s t  and no t  t h r u s t  v e c t o r i n g .  
The rather minor effects of  t h r u s t  v e c t o r i n g  f o r  t h e  p r e s e n t  c o n f i g u r a t i o n  
can be expla ined  by t h e  poor nozz le  d e f l e c t i o n  t echn ique  of  t h e  t es t s  (on ly  
t h e  upper h a l f  o f  t h e  nozz le  was def lec ted) ,  which r e s u l t e d  i n  poor t u r n i n g  
of  t h e  exhaus t  f low,  and by t h e  f ac t  t h a t  t h e  nozz le  area A was larger than  
d e s i r e d  (Anozzle/Afans = 1.841, which r e s u l t e d  i n  r e l a t i v e l y  l o w  exhaus t  veloc­
i t i es .  It is expected t h a t  an  improved nozz le  des ign  w i t h  i n c r e a s e d  nozz le  
v e l o c i t i e s  would provide  s u b s t a n t i a l  g a i n s  i n  l i f t  w i t h  nozz le  d e f l e c t i o n .  
Long i tud ina l - con t ro l  e f f e c t i v e n e s s . - The l o n g i t u d i n a l  c o n t r o l  e f f e c t i v e ­
ness  of t he  t r a i l i n g - e d g e  f l a p s  is  shown i n  f i g u r e s  25 and 26. A l l  combina­
t i o n s  of f l a p s  were q u i t e  e f f e c t i v e  i n  p rov id ing  l o n g i t u d i n a l  t r i m  (w i th  
a t t e n d a n t  r educ t ion  i n  l i f t )  w i t h  t he  except ion  of  t h e  outboard f l a p s  a l o n e  
( f i g .  2 5 ( d ) ) .  These outboard f l a p s  were r e l a t i v e l y  i n e f f e c t i v e  as might be 
expected based on t h e  t u f t  s t u d i e s  ( f i g .  11) which show t h e  flow over  t h e  
outboard f l a p  t o  be f a i r l y  poor.  A s  expected,  t h e  data of  f i g u r e  26 show 
t h a t  t h e  presence of the canard had no a p p r e c i a b l e  e f f e c t  on t h e  l o n g i t u d i n a l  
c o n t r o l  e f f e c t i v e n e s s .  
E f f e c t  of s i d e s l i p . - The e f f e c t  of s i d e s l i p  on t h e  l o n g i t u d i n a l  aerody­
namic c h a r a c t e r i s t i c s  of  t h e  model is shown i n  f i g u r e s  27 t o  30. The data show 
t h a t  s i d e s l i p  tended t o  make the  pitch-up c h a r a c t e r i s t i c s  of  bo th  t h e  c l e a n  
and h i g h - l i f t  c o n f i g u r a t i o n s  more seve re .  
L a t e r a l - D i r e c t i o n a l  S t a b i l i t y  C h a r a c t e r i s t i c s  
The l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  c h a r a c t e r i s t i c s  o f  t h e  model are shown 
i n  f i g u r e s  31 t o  38. An a n a l y s i s  of l a t e r a l - d i r e c t i o n a l  data obta ined  f o r  
t h e  c l e a n  c o n f i g u r a t i o n  over the Reynolds number range p rev ious ly  d i scussed  
f o r  t h e  l o n g i t u d i n a l  aerodynamic data i n d i c a t e d  t h a t  t h e  e f fec ts  of  Reynolds 
number were a l s o  n e g l i g i b l e  f o r  the  l a t e r a l - d i r e c t i o n a l  tes ts .  As a r e s u l t ,  
most of t h e  tests were conducted a t  a Reynolds number o f  8.92 x IO6 ( t h e  same 
va lue  t h a t  was used f o r  t h e  l o n g i t u d i n a l  t e s t s ) .  
The v a r i a t i o n s  of  s ide - fo rce ,  rolling-moment, and yawing-moment coef ­
f i c i e n t s  w i th  s i d e s l i p  f o r  the c l e a n  c o n f i g u r a t i o n ,  t h e  h i g h - l i f t  conf igura­
t i o n ,  and t h e  h i g h - l i f t  c o n f i g u r a t i o n  w i t h  canard  are p resen ted  i n  f i g u r e s  31 
t o  33. The data show t h a t  the  v a r i a t i o n  of C, w i t h  B was g e n e r a l l y  l i n e a r  
f o r  ang le s  of attack t o  about  20°, whereas t h e  v a r i a t i o n  of Cn w i t h  
became non l inea r  nea r  c1 = 80 w i t h  i n c r e a s i n g  n o n l i n e a r i t y  a t  h ighe r  a n g l e s  
of  attack. I n  a d d i t i o n ,  the  data show large yawing- and rolling-moment asym­
metries f o r  a n g l e s  of  a t t a c k  greater than  200.  These asymmetric moments, 
which are be l i eved  t o  be caused by asymmetric v o r t e x  shedding o f f  t h e  h igh ly  
swept nose ,  would have a s i g n i f i c a n t  effect  on t h e  l a t e r a l - d i r e c t i o n a l  c o n t r o l  
of t h e  c o n f i g u r a t i o n  a t  h igh  a n g l e s  of a t t a c k ,  as is  d i scussed  i n  t h e  fo l lowing  
s e c t i o n .  As shown i n  f i g u r e  34, t h e  magnitudes and d i r e c t i o n s  of  t h e  Cn 
and C, asymmetries v a r i e d  over  t h e  range o f  Reynolds number. 
The l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  c h a r a c t e r i s t i c s  of  t h e  model are sum­
marized i n  f i g u r e s  35 t o  38 i n  terms of t h e  s i d e  f o r c e  due t o  s i d e s l i p  CYB 9 
t h e  yawing moment due t o  s i d e s l i p  C n B ,  and t h e  r o l l i n g  moment due t o  side­
s l i p  C '.B' The magnitudes of t h e  d e r i v a t i v e s  were determined from v a l u e s  of 
t h e  r e s p e c t i v e  c o e f f i c i e n t s  a t  v a l u e s  of  from -5O t o  5O. I n  g e n e r a l ,  
t h e  model e x h i b i t e d  s a t i s f a c t o r y  s t a t i c  l a t e r a l - d i r e c t i o n a l  c h a r a c t e r i s t i c s  
f o r  ang le s  of at tack t o  about  160.  
The data  of f i g u r e  35 show t h a t  t h e  c l e a n  c o n f i g u r a t i o n  was d i r e c t i o n -
a l l y  s tab le  a t  low a n g l e s  of a t t a c k  and t h a t  t h e  l e v e l  of  d i r e c t i o n a l  s t a b i l i t y  
i nc reased  markedly as ang le  of a t t a c k  was i n c r e a s e d ,  so t h a t  t h e  c o n f i g u r a t i o n  
w a s  extremely s table  a t  h igh  a n g l e s  of a t t a c k .  It should be noted t h a t  the  
marked i n c r e a s e  i n  c"B a t  h i g h  a n g l e s  of  a t tack was produced i n  con junc t ion  
wi th  a p o s i t i v e  increment of  . An a n a l y s i s  of t h e  r e l a t i v e  s i g n s  of  t h e  
two d e r i v a t i v e s  i n d i c a t e s  t h a t  t h e  aerodynamic s t a b i l i z i n g  moment was produced 

forward of  t h e  cen te r -o f -g rav i ty  p o s i t i o n .  P a s t  i n v e s t i g a t i o n s  have shown 

t h a t  t h e  fo rego ing  c h a r a c t e r i s t i c s  may be  related t o  t h e  aerodynamic effects  

of a p a i r  of s t r o n g  v o r t i c e s  shed o f f  t h e  h i g h l y  s w e p t  f l a t  nose of  the  model. 

(See refs. 8 t o  1 2 . )  The data of  f i g u r e  35 a l s o  show t h a t  t h e  magnitude of  

CI B  i nc reased  w i t h  i n c r e a s i n g  a up t o  120. Above t h i s  a n g l e ,  t h e  va lue  

of  the  d e r i v a t i v e  decreased r a p i d l y  and approached z e r o  a t  a = 240. T h i s  

decrease i n  C '.B is . re la ted t o  the advancing wing pane l  s t a l l  d i scussed  i n  

t h e  s e c t i o n  on flow v i s u a l i z a t i o n  ("Tuf t  S t u d i e s " ) .  A s  prev ious ly  n o t e d ,  

v a r i a t i o n s  i n  Reynolds number had no s i g n i f i c a n t  effect  on the  la teral- 





The effect  of  the v e r t i c a l  t a i l s  on the  l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  
d e r i v a t i v e s  of  the c l e a n  c o n f i g u r a t i o n  is p resen ted  i n  f i g u r e  36. The d a t a  
show t h a t  t h e  t a i l  c o n t r i b u t i o n  t o  C"B was e s s e n t i a l l y  c o n s t a n t  over t he  
angle-of -a t tack  range and t h a t  the  t a i l s  had a s i g n i f i c a n t  effect  on the  mag-. 
n i t u d e  of  C a t  the higher a n g l e s . o f  at tack. 
Shown i n  f i g u r e  37 is a comparison of  t h e  l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  
d e r i v a t i v e s  from t h e  c l e a n  and h i g h - l i f t  c o n f i g u r a t i o n s ;  t h e s e  data show essen­
t i a l l y  similar t r e n d s  a l though  t h e  h i g h - l i f t  c o n f i g u r a t i o n  d i d  e x h i b i t  less  
s tab le  va lues  of  C"B a t  ex t remely  high a n g l e s  o f  a t tack.  
The effect  of  the  0.020s canard on t h e  d e r i v a t i v e s  f o r  t h e  h i g h - l i f t  
c o n f i g u r a t i o n  is p resen ted  i n  f i g u r e  38. The data show t h a t  a l though the  
canard caused a l a r g e  r educ t ion  i n  c"B a t  a n g l e s  of  a t tack above 4O,  t h e  
c o n f i g u r a t i o n  s t i l l  had a high l e v e l  of d i r e c t i o n a l  s t a b i l i t y  a t  a l l  a n g l e s  
of  a t t a c k .  
L a t e r a l - D i r e c t i o n a l  Cont ro l  Characteristics 
I n  t he  p r e s e n t  i n v e s t i g a t i o n ,  t h e  outboard t r a i l i n g - e d g e  f l a p s  ( t r a i l i n g ­
edge segment 3) were eva lua ted  as a p o s s i b l e  sou rce  of  roll c o n t r o l .  Presented  
i n  f i g u r e  39 are t h e  v a r i a t i o n s  of  Cy, C n ,  and C, w i t h  d e f l e c t i o n s  of t h e  
l e f t -hand  outboard f l a p .  The data show t h a t  a t o t a l  d e f l e c t i o n  of  f30° of 
t h e  outboard s u r f a c e  produced an increment of C, o f  on ly  about 0 .01.  T h i s  
magnitude of  r o l l - c o n t r o l  e f f e c t i v e n e s s  is g e n e r a l l y  s imilar  t o  va lues  obta ined  
from t h e  d e f l e c t i o n  of  outboard surfaces on o t h e r  h i g h l y  swep t  c o n f i g u r a t i o n s  
i n  p rev ious  i n v e s t i g a t i o n s  ( refs .  I3  and 1 4 ) .  An e v a l u a t i o n  of  r o l l - c o n t r o l  
requi rements  f o r  s a t i s f a c t o r y  handl ing  q u a l i t i e s  i n d i c a t e s  t h a t  t h i s  l e v e l  
of  c o n t r o l  e f f e c t i v e n e s s  may be  i n s u f f i c i e n t  f o r  some o p e r a t i o n a l  c o n d i t i o n s .  
For example, i n  terms of  t h e  roll c o n t r o l  r e q u i r e d  t o  t r i m  t h e  r o l l i n g  moments 
r e s u l t i n g  from s i d e s l i p ,  an  examination of  t h e  e f f e c t i v e  d i h e d r a l  c h a r a c t e r ­
i s t i c s  of  t h e  p r e s e n t  model (see f i g .  38) shows t h a t  a IOo s i d e s l i p  a n g l e  would 
r e q u i r e  a va lue  of  C, o f  0.03 f o r  roll t r i m  nea r  c1 = IOo. On t h i s  bas i s ,  i t  
appea r s  t h a t  a d d i t i o n a l  means of  roll c o n t r o l  would be r e q u i r e d  f o r  s a t i s f a c t o r y  
o p e r a t i o n  i n  t h e  l a n d i n g  and take-of f  modes where c r o s s  winds could produce 
s i d e s l i p  a n g l e s  of  t h i s  magnitude. It  is  p o s s i b l e  t h a t  d i f f e r e n t i a l  d e f l e c t i o n  
of  f u l l - s p a n  t r a i l i n g - e d g e  f l a p s  or  v a r i o u s  combinations of  t h e  t r a i l i n g - e d g e  
f l a p s  could produce adequate  roll c o n t r o l ;  however, no data of t h i s  t ype  were 
obta ined  f o r  t h e  p r e s e n t  model. 
The v a r i a t i o n s  of  Cy, C n ,  and C, w i t h  d e f l e c t i o n s  of t h e  twin rud­
ders are presented  i n  f i g u r e  40. The data show t h a t  t h e  rudder  e f f e c t i v e n e s s  
decreases w i t h  i n c r e a s i n g  ang le  of  a t tack.  For a n g l e s  of  at tack t o  about  8 0 ,  
rudder  d e f l e c t i o n s  of  +20° produced a va lue  of  Cn o f  about  f O . O 1 .  T h i s  con­
t r o l  e f f e c t i v e n e s s  is g e n e r a l l y  similar t o  t h a t  shown i n  r e f e r e n c e s  13 and 14  
f o r  c o n f i g u r a t i o n s  having geometr ic  characterist ics g e n e r a l l y  similar t o  those  
of  t h e  p r e s e n t  model. An examination of t h e  d i r e c t i o n a l  s t a b i l i t y  d a t a  for 
t he  p r e s e n t  model ( f i g .  38) i n d i c a t e s  t h a t  a va lue  o f  Cn of 0.01 is on ly  
adequate f o r  trimming t h e  yawing moments r e s u l t i n g  from about  5 O  of  s i d e s l i p  
10 
f o r  angles of a t t a c k  near  O o .  It should a l s o  be noted t h a t  a t  extremely h igh  
a n g l e s  of a t t a c k  t h e  asymmetric yawing moments were much larger than t h e  yaw 
c o n t r o l  provided by t h e  rudde r s .  (Compare f i g s .  39 and 40.1 
CONCLUSIONS 
The r e s u l t s  of s t a t i c  f o r c e  tests of  a l / lO-sca le  model of a blended-
arrow supe r son ic  c r u i s e  a i rcraf t  i n  t h e  Langley f u l l - s c a l e  tunne l  i n d i c a t e  
t h e  fo l lowing  conc lus ions  : 
1 .  The clean c o n f i g u r a t i o n  e x h i b i t e d  s t a t i c  l o n g i t u d i n a l  i n s t a b i l i t y  ( p i t c h ­
up) a t  ang le s  of  a t t a c k  greater than 3 O ;  however, d e f l e c t i n g  inboard and outboard 
w i n g  leading-edge f l a p s  delayed t h e  pitch-up t o  an ang le  of  a t t a c k  of  about 18O.  
2 .  Def l ec t ing  fu l l - span  t r a i l i n g - e d g e  f l a p s  and leading-edge f l a p s  inc reased  
t h e  untrimmed l i f t  c o e f f i c i e n t  from about  0.35 f o r  t h e  c l e a n  c o n f i g u r a t i o n  t o  
about 0.50 a t  an a n g l e  of  a t t a c k  of  9 . 5 O  ( e s t ima ted  t a i l - s c r a p e  a n g l e ) .  
3. The t h r u s t  v e c t o r i n g  nozz le  used was not  e f f e c t i v e  f o r  i n c r e a s i n g  lift 
because of  poor t u r n i n g  of t h e  exhaust f low. An improved nozz le  des ign ,  how­
e v e r ,  should provide  some i n c r e a s e  i n  l i f t  w i t h  t h r u s t  v e c t o r i n g .  
4 .  The model e x h i b i t e d  s a t i s f a c t o r y  l a t e r a l - d i r e c t i o n a l  c h a r a c t e r i s t i c s  
f o r  ang le s  of  a t t a c k  t o  about  16O. A t  h i g h e r  a n g l e s  of  a t t a c k  t h e  d i r e c t i o n a l  
s t a b i l i t y  inc reased  markedly; however, t h e  e f f e c t i v e  d i h e d r a l  decreased t o  
n e a r l y  z e r o  near an a n g l e  o f  a t t a c k  of about  24O. 
5 .  The d e f l e c t i o n  of  lead ing- and t r a i l i n g - e d g e  f l a p s  and t h e  a d d i t i o n  
of  a canard f o r  l o n g i t u d i n a l  t r i m  reduced the l e v e l  of  d i r e c t i o n a l  s t a b i l i t y  
a t  high ang le s  of a t t a c k .  
6 .  Outboard t r a i l i n g - e d g e  f l a p s  were r e l a t i v e l y  i n e f f e c t i v e  f o r  roll 
c o n t r o l ,  p a r t i c u l a r l y  f o r  roll t r i m  dur ing  take-off and landing  i n  a c r o s s  
wind. 
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Figure 1.- S t a b i l i t y  system of axes  and p o s i t i v e  sense  of ang le s ,  f o r c e s ,  and moments. 
. 

Tails inclined inward 2.5” 
and tw outward I.s” 
Figure 2.- Geometric characteristics of l/lO-scale arrow-wing model. 
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Figure 3.- Schematic arrangements of leading- and trailing-edge flaps and engine exhaust nozzle. 
(Components not to scale.) Dimensions are in cm (in.). 
- - a = 0" (Reference line) g1 = 0.175 : C1 = 2.794-­ (0.069) (L1W) 
g2 = 0.559 : C 2  = 16.129 
(0.220) 16.3501 
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4 Figure 6.- Rear view of l/lO-scale model mounted for  tes ts  i n  Langley fu l l - sca l e  tunnel .
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a = 100 01 = 140 a = 180 





Figure 8.- Tuft  s tud ie s  of c lean  configurat ion a t  6 = Oo. 6 f , t e  = 00 





a = 20 
a = I40  
a = 220 a = 300 
I L-7?-17? Figure 9.- Tuft  s tud ie s  of c lean configurat ion a t  B = Oo. 8f,te = Qo; 
6f&' = oo ;  CT' = 0; viwtical  t a i l s  on. 
22 
.- . . .  
01 = 20 
01 = 200 
01 = 220 01 = 260 
L-77-172 
Figure  10.- Tuf t  	s t u d i e s  of  c l e a n  c o n f i g u r a t i o n  a t  B = IOo. 6f,t- = O o ;  
BfJ,  = oo;  CT' = 0;  v e r t i c a l  tails on. 
a = 100 




a = I20 
L-77-174 
F'igure 12.- Tuft studies of high-lift configuration a t  9 = QO. 
(6f,t,)l,2,3 = 20.5', 30.0°, 30-.5O; (6f,le)l ,2,3,4 = 45'; 
(6r,le)5,6,7 = 60°; CT' = 0 ;  ver t ica l  tails on. 
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a = 120 
~1 = 14O 




Figure  13.- T u f t  s t u d i e s  of' h i g h - l i f t  con f igu ra t ion  a t  B = 40". 
(6y,te)l ,2,3 = 20.5', 30.0°, 30.5O; (bf , le)1,2,3,4 = 45'; 





O1 = 100 a = 140 01 = 180 
O1 = 220 01 = 260 
. L-77-176 
Figure 14.- Tuft studies of high-lift configuration with canard at 6 = 10 
(8f,te)1,2,3 = 30-0°, 30.0°, 30.5'; (Bf,le)1,2,3,4 = 45'; 



















Figure  15.- E f f e c t  of  Reynolds number on l o n g i t u d i n a l  aerodynamic c h a r a c t e r ­
i s t i c s  of c l e a n  c o n f i g u r a t i o n  wi th  v e r t i c a l  t a i l s .  6 f , t e  = O o ;
6 f , l e  = 0'; 6 = 0'; CT' = 0. 
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Figure  16.- E f f e c t  o f  v e r t i c a l  t a i l s  on l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  
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Figure  17.- Effect of wing leading- and t r a i l i n g - e d g e  f l a p  d e f l e c t i o n  on 
l o n g i t u d i n a l  aerodynamic character is t ics  o f  h i g h - l i f t  c o n f i g u r a t i o n .  
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Figure  18.- E f f e c t  of  fu l l - span  t r a i l i n g - e d g e  f l a p  d e f l e c t i o n  on lon­
g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  of  h i g h - l i f t  c o n f i g u r a t i o n .
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Figure  19.- Effect of inboard leading-edge f l a p  d e f l e c t i o n  on lon­
g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  o f  h i g h - l i f t  c o n f i g u r a t i o n .  
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Figure 20.- Effect of outboard 
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leading-edge flap deflection on lon­

gitudinal aerodynamic characteristics of high-lift configuration.
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Figure  21.- E f f e c t  of  0 .020s  canard on l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  
of h i g h - l i f t  c o n f i g u r a t i o n .  ( 6 f , l e ) l  , 2 , 3 , 4  45'; ( 6 f , l e ) 5 , 6 , 7  = 60'; 
f3 = 0'; CT' = 0 .  
34 





-.l 0 Off _ - _ _ _ _  0.020~.  ic = 0' 
_ _ _  0 0.0255, ic = 15' 
-10 0 10 20 30 90 - 1  0 -.l 
a,deg c m  
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Fiqure  22.- Effect of i n c r e a s i n g  canard area and inc idence  on l o n g i t u d i n a l  aero­
dynamic character is t ics  of  h i g h - l i f t  c o n f i g u r a t i o n .  ( 6 f , l e ) l  , 2 , 3 , 4  = 45';
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Figure  23.- Effect of engine  t h r u s t  on l o n g i t u d i n a l  aerodynamic character is t ics  
of  h i g h - l i f t  c o n f i g u r a t i o n .  ( 6 f , t e ) l  , 2 , 3  30'; ( 8 f , l e ) l , 2 , 3 , 4  = 45'; 
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Figure  24.- E f f e c t  of t h r u s t  v e c t o r i n g  on l o n g i t u d i n a l  aerodynamic c h a r a c t e r ­
i s t i c s  of h i g h - l i f t  c o n f i g u r a t i o n .  ( 6 f , l e ) l  , 2 , 3 , 4  = 45'; ( B f , I e ) 5 , 6 , 7  = 60'; 
0.020s canard ;  6 O o .  
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(b) (6f,te)1,2,3= 30'. 
F i g u r e  24.- Concluded. 
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(a) (6f,te)2,3 30° (inboard flap variable). 

Figure 25.- Longitudinal control effectiveness of trailing-edge flaps on 
longitudi-sl aerodynamic characteristics of high-lift configuration. 
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(b) (6f,te)3 = 30° (inboard and center flap variable). 
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( c >  Inboard ,  c e n t e r ,  and outboard f l a p  v a r i a b l e .  
F i g u r e  25.- Continued. 
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(d) (6f,te)1,2 30° (outboard flap variable). 
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Figure  26'.- Longi tudinal  c o n t r o l  e f f e c t i v e n e s s  o f  t r a i l i ng -edge  f l a p s  on l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  of h i g h - l i f t  con f igu ra t ion  wi th  0.020s canard and engines  ope ra t ing .  
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( a >  Reynolds number, 6.78 x 106. 
Figure  27.- Effect o f  s i d e s l i p  on l o n g i t u d i n a l  aerodynamic character is t ics  o f  
c l e a n  c o n f i g u r a t i o n  a t  s e v e r a l  Reynolds numbers. G f , t e  = 00; 6 f , l e  = 00;
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(b) Reynolds number, 8.92 x IO6 .  
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(c) Reynolds number, 11.65 x IO6. 
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(d) Reynolds number, 13.85 x 106. 
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Figure  28.- Effect of  v e r t i c a l  t a i l s  on l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  
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(b) B = 5 O .  
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( d )  6 = -5'. 
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Effect of s i d e s l i p  on l o n g i t u d i n a l  aerodynamic character is t ics  of 
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Figure 30.- Effect of sideslip on longitudinal aerodynamic characteristics 
of high-lift configuration with 0.020s canard. (6f,te)1,2,3 30°; 
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Figure 31.- E f f e c t  of s i d e s l i p  on l a t e r a l - d i r e c t i o n a l  aerodynamic c h a r a c t e r ­










Figure 32.- E f f e c t  of s i d e s l i p  on l a t e r a l - d i r e c t i o n a l  aerodynamic cha rac t e r ­
i s t i c s  of h i g h - l i f t  c o n f i g u r a t i o n  wi th  v e r t i c a l  t a i l s .  ( 6 f , t e ) 1 , 2 , 3  = 20°, 
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Figure 33.- Effect df sideslip on lateral-directional aerodynamic character­

istics of high-lift configuration with 0.020s canard and vertical tails. 
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Figure 34.- Effect of Reynolds number on lateral-directional aerodynamic 
characteristics of clean configuration with vertical tails. 6 O o ;  
CT' = 0 .  
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Figure  35.- Effect of Reynolds number on l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  de r iva ­
t i v e s  of  c l e a n  c o n f i g u r a t i o n  w i t h  v e r t i c a l  t a i l s .  CT' = 0.  
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Figure  36.- Effect of v e r t i c a l  t a i l s  on l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  de r iva ­
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Figure 37.- Effect of leading- and trailing-edge flaps on lateral-directional 
stability derivatives. (df 
6.
te)1,2,3 = 20°, 30°7 30°; (6f,le)l,2,3,4 = 45'; 
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Figure 38.- Effect of 0.020s canard on lateral-directional stability derivatives 
of high-lift configuration. ( 6 f , l e ) l  ,2,3,4 = 45'; (&f,1,)5,6,7 = 60'; 





-0 10 10 









-8 -Lf 0 Lf 8 12 16 20 2q 28 32 
a,deg 

Figure 39 .- Lateral control effectiveness of outboard trailing-edge flaps on 
lateral-directional aerodynamic characteristics of high-lift configuration. 
(6f,te)1,2 = 30'; (6f,le)1,2,3,4 = ,45'; (6f,1e)5,6,7 60'; B = 0';
CT' = 0. 
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Figure  40.- Effect o f  rudder d e f l e c t i o n  on l a t e r a l - d i r e c t i o n a l  aerodynamic 
characterist ics of h i g h - l i f t  c o n f i g u r a t i o n .  ( 6 ,  t e )  1,2,3 = 30°; 
( & f , l e ) I , 2 , 3 , 4  = 450; ( & f , l e ) 5 , 6 , 7  = 600; 0.0255 cana rd ;  B = Oo; 
CT' = 0. 
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